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(54) TOle: TRANSGENIC PLANTS EXPRESSING ENZYMES INVOLVED IN FATTY ACID BIOSYNTHESIS 

(57) Abstract: The invention relates to nucleic acid molecules which comprise nucleic acid sequences which encode enzymes in- 
volved in the biosynthesis of n-3 fatty acids, particularly docosahexanoic add (DHA), or variants thereof; polypeptides encoded by 
said nucleic acids; cells transfected with said nucleic acid sequences and products comprising said nucleic acid sequences, polypep- 
tides and/or cells. 
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by a final desaturation step involving the activity of a A4 desaturase to produce DHA 
(22:fin-3). 

During evolution humans have consumed a diet containing approximately equal ratio 
5 of n-3 and n-6 essential fatty acids (1-2:1), but the last 100-150 years has seen a 
growing trend in Western diets towards the consumption of more n-6 fatty acids, 
resulting in an alteration of the ratio to 30.1 (Simonpolous, 1999). Whilst an 
increased intake of n-6 fatty acids is characterised by cardiovascular problems such 
as increased blood viscosity, vasospasm and vasoconstriction, the n-3 fatty acids are 

10 associated with health promoting properties. For example n-3 fatty acids have been 
described as anti-inflammatory, antithrombotic, antiarrhythmic, hypoUpidemic and 
vasodilatoiy (Simonpolous, 1999). As such the role of DHA in the prevention and/or 
treatment of diseases such as coronary heart disease, hypertension, type U diabetes, 
ocular diseases, arthritis, cystic fibrosis and schizophrenia and has been the focus of a 

15 great deal of medical research. 

The effect of n-3 polyunsaturated fatty acids in the cardiovascular diseases has shown 
that dietary intake of DHA can lower the risk of myocardial infarction, hypertraision 
and compKcations associated with cardiac surgery. A number of population studies 
20 have correlated the dietary intake of DHA with cardiovascidar risk factors. For 
instance, a study of a population of Ihuits in Canada (426 subjects aged 18-74 yr), 
who traditionally consume large amounts of marine foods rich in n-3 fatty acids, 
showed that n-3 fatty acids, such as DHA were positively associated with HDL- 
cholesterol concentrations and inversely associated with triacylglycerol 
concentrations and the ratio of total to HDL cholesterol Pewailly et al., 2001). It 
was concluded that the high dietary intake of n-3 fetty acids in the Ihuit diet was 
probably responsible for the low mortality rate from ischemic heart disease in this 
population. 

Essential fetty acids are structural components of all tissues and are indispensable for 
cell membrane synthesis. The brain, retina and other neural tissues have been found 
to be particularly rich in DHA, where it is involved in neural development and 

2 
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A6 and A5 desaturases are microsomal enzymes that are thought to be a component 
of a three-enzyme system that includes NADH-cytochrome 6j reductase, cytochrome 
bsy and the respective desaturase (Sprecher,1981). 

5 

A number of A6 and A5 desaturases have been identified. In plants such as the herb, 
borage (Borago officinalis), the A6 desaturase has been identified (Sayanova et aL, 
1997). A6 and A5 desaturases have been identified in humans (Hyekyung et al, 1999 
and Cho et aL, 1999, respectively), in animals such as the nematode; Caenorhabditis 
10 elegBDS (Michaelson et al, 1998 and Napier et al, 1998) and in eukaiyotic 
microorganisms such as the fimgusAforrfere//a alpina (Huang et al, 1999 and 
Knutzon et al, 1998). In the human, A6 and A5 desatiffase activities have been found 
in skeletal muscle, Iimg, placenta, kidney and pancreas, but are expressed at the 
highest levels in the liver, brain and heart (Hyekyung et al, 1999). In all these tissues 
15 however, A6 desaturase activity was found to be higher than that of A5 desaturase. 
The genes for both of the enzymes reside on chromosome 1 1, in a reverse orientation, 
being separated by <1 1,000 base pairs (Hyekyung et al., 1999). A.A4 desaturase that 
can introduce a double bond at position 4 of 22:5 n-3 and 22:4 n-6 resulting in the 
production of DHA and docosapentanoic acid has been identified in the marine fungi 
20 77iraM5toc/rytrzttwi sp (Qiu eM/., 2001). 

Cellular storage of fatty acids in triacylglycerol requires that the fatty acids are first 
activated to their acyl-CoA esters through the action of acyl-CoA synthetase enzyme. 
Acyl-CoA's are produced by acyl-CoA synthetase firom fatty acid, ATP and 

25 Coenzyme A. Acyl-CoA synthetases can exhibit substrate specificity for different 
chain length or different degrees of saturation of the fatty acid. For exanqile an 
arachidonate (20:4 n"6)-preferring acyi-CoA synthetase has been identified in rat 
(Kang et al, 1997). This enzyme has a higih affinity for arachidonate and EPA and 
low affinity for palmitate. Several isoforms of acyl-CoA synthetases have also been 

30 identified in Arabidopsis (Schnurr et al, 2000). 
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Acyl CoArdiacyglycerol acyltransferase (DGAT) catalyses the final enzymatic step 
in the production of triacylglyceiols in plants, fungi and mammals . The ezyme is 
responsible for transfening an acyl group from acyl-CoA to the ^«-3 position of 1,2- 
diacylglycerol (DAG) to form tiiacylglycerol (TAG). The first cloning of a DGAT 
gene was from mouse (Cases et al. 1998). An Arabidopsis homologue of the mouse 
DGAT gene was subsequently reported and found to be present as a single copy gene 
(Hobbs et al, 1999). Jako et al, (2001) showed &at the Arabidopsis Tagl mutant 
which is disrupted in the DGAT gene and has a fatty acid and reduced 
oil phenotype can be complemented by expression of the DGAT cDNA. Jako et al, 
(2001) also showed that seed-specific over-expression of the DGAT cDNA m wild- 
type Arabidopsis enhances oil deposition and average seed weight thus confirming 
the important role of DGAT in regulating the quantity of seed triacylglycerols and the 
sink size in developing seeds. Protein purification based studies on the oleaginous 
fungus MorHerella ramanniana resulted in the identification of a second class of 
protems involved in TAG production that are encoded by the DGAT2 gene 6mily 
that are unrelated to the previously identified DGATl gene family (Laidizabal et al, 
2001). A human homologue of the Mortierella ramanniana DGAT2 gene has been 
also been identified (Cases et al, 2001). Substrate specifities of the different families 
have yet to be determined. 



20 



25 



Whilst higher plants do not typicaUy biosynthesise LPUFAs such as DHA, they are 
an attractive target for genetic manipulation, particularly the low cost production of 
DHA in the vegetable ofl of a crop such as oUseed rape. There have been no reports 
of higher plants that biosynthesise DHA, a number of attempts to introduce algal 
genes in order to manipulate the biosynthetic capacity of oil seed plants that produce 
LPUFAs have been reported. These have included the introduction of desaturases 
into transgenic plants to increase the production of DHA, EPA and also stearidonic 
acid(18:4n-3). 



30 
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We herein disclose nucleic acid sequences which encode enzymes involved in n-3 
fatty acid metabolism and the manipulation of these sequences and the biochemical 
pathways which comprise enzymes encoded by these seqeucnes, to provide an 
alternative dietary source of n-3 fatty acids and, in particular, DHA. The sequences 
encode n-3 fatty acid elongase,desaturase, acyl CoA synthetase and diacylglycerol 
acyltransferase activities 

According to an aspect of the invention there is provided an isolated nucleic acid 
molecule comprising a DNA sequence selected from the group consisting of: 

(i) the DNA sequence as represented in Figures la, 2a, 3a, 3d, 4a, 6a, 7a, 
7c and 8a; 

(ii) DNA sequences which hybridise to the sequence identified in (i) 
above; and 

(iii) DNA sequences that are degenerate as a result of the genetic code to 
the DNA sequence defined in (i) and (ii) 

hi a preferred embodiment of fiie invention there is provided an isolated nucleic acid 
molecule which anneals under stringent hybridisation conditions to the sequences 
described in (i), (ii) and (iii) above. 

Stringent hybridisation/washing conditions are well known in flie art. For example, 
nucleic acid hybrids that are stable after washing in 0.1xSSC,0.1% SDS at eO^'C. It is 
well known in the art that optimal hybridisation conditions can be calculated if the 
sequence of the nucleic acid is known. Typically, hybridisation conditions uses 4-6 
X SSPE (20x SSPE cont^ 175.3g NaCl, 88.2g NaH2P04 H2O and 7.4g EDTA 
dissolved to 1 litre and the pH adjusted to 7.4); 5-lQx Denhardts solution (5Qx 
Denhardts solution contains 5g FicoU (Type 400, Pharmacia), 5g 
polyvinylpyrrolidone and 5g bovine serum albumen); lOO^g-l.Omg/ml sonicated 
sahnon/herring DNA; 0.1-1.0% sodium dodecyi sulphate; optionally 40-60% 
deionised formamide. Hybridisation temperature will vary depending on the GC 
content of the nucleic acid target sequence but will typically be between 42^- 65^ C. 
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In a prefeired embodiment of the invention said nucleic acid molecules are isolated 
from an algal species. 

Preferably said algal species is selected from the group consisting of: Amphidiniwn 
5 carterae, Amphiphora hyalina. Amphiphom sp., Chaetoceros gracilis, Coscinodiscus 
sp., Crypthecodinium cohnii, Cryptomonas sp.. Cylindrotheca Jusiformis, Haslea 
ostrearia. Isochrysis galbana, Nannochloropsis oculata. Navicula sp.. Nitzschia 
closterium. Pavlova Ivtheri. Phaeodactylum tricomutum. Prorocentrum minimum. 
Rhizosolenia setigeia. Skeletonema costatum, Skeletonema sp.. Tetraselmis 
10 tetrathele. Thalassiosira nitzschioides. Thalassiosira heterophorma. Thalassiosira 
pseudonana, Thalassiosira stellaris. 

According to a further aspect of the invention there is provided a polypeptide 
encoded by a nucleic acid molecule according to the inventioa 



15 



In a preferred embodiment of the invention said polypeptide is a variant polypeptide 
and comprises the amino acid sequence represented in Figure lb, 2b, 3b, 3c. 4b, 6b, 
7b, 7d, or 8b v/hich sequence has been modified by deletion, addition or substitution 
of at least one amino acid residue wherein said modification enhances the enzyme 
20 activity of said polypq>tide. 

A variant polypeptide may differ in amino acid sequence by one or more 
substitutions, additions, deletions, truncations which may be present in any 
combination. Among preferred variants are those that vary from a reference 

25 polypeptide by conservative amino acid substitutions. Such substitutions are those 
that substitute a given amino acid by another amino acid of like characteristics. The 
following non-limiting list of amino acids are considered conservative replacements 
(similar): a) alanine, serine, and threonine; b) glutamic acid and aspartic acid; c) 
asparagine and glutamine d) arginine and lysine; e) isoleucine, leucine, methioiiine 

30 and valine and f) phenylalanine, tyrosine and tryptophan. Most highly preferred are 
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variants which retain or enhance the same biological function and activity as the 
reference polypeptide from which it varies. 

A functionally equivalent polypeptide(s) according to the invention is a variant 
5 wherein one in wliich one or more amino acid residues are substituted with conserved 
or non-conserved amino acid residues, or one in which one or more amino acid 
residues includes a substituent group. Conservative substitutions are the 
replacements, one for another, among the aliphatic amino acids Ala, Val, Leu and He; 
interchange of the hydroxyl residues Ser and Thr; exchange of the acidic residues 
10 Asp and Glu; substitution between amide residues Asn and Gin; exchange of the 
basic residues Lys and Arg; and rq)lacements among aromatic residues Phe and Tyr. 

In addition, the invention features polypeptide sequences having at least 75% identity 
with the polypeptide sequences as herein disclosed, or fragments and functionally 
equivalent polypeptides th.ereof. In one embodiment, the polypeptides have at least 
15 85% identity, more preferably at least 90% identity, even more preferably at least 
95% identity, still more preferably at least 97% identity, and most preferably at least 
99% identity with the amino acid sequences illustrated herein. 

Ideally said modified polypeptide has enhanced fatty acid elongase, desaturase, acyl- 
20 CoA synthetase or diacylglycerol acyltransferase activity. 

In a further preferred embodiment of the invention said polypeptide comprises the 
amino acid sequence represented in Figures 2b, 3b, 3c, 4b, 6b, 7b, 7d, 8b. Preferably 
said polypeptide consists of the amino acid sequence represented in Figure 2b,3b, 3c, 
25 4b, 6b, 7b, 7d, 8b. 

According to a further aspect of the invention fliere is provided a vector including at 
least one nucleic acid according to the invention. 
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the objective, the promoter may be a chemical-inducible promoter, where application 
of the chemical induced gene expression, or a chemical-repressible promoter, where 
apphcation of the chemical rqjresses gene expression. Chemical-inducible 
promoters are known in the art and include, but are not limited to, the maize In2-2 
5 promoter, which is activated by benzenesulfonamide herbicide safeners, the maize 
GST promoter, which is activated by hydrophobic electrophilic compounds that are 
used as pre-emergent herbicides, and the tobacco PR-la promoter, which is activated 
by salicylic acid. Other chemical-regulated promoters of interest mclude steroid- 
responsive promoters (see, for example, the glucocorticoid-inducible promoter in 
10 Schena al (1991) Proc. Natl. Acad. Sci. USA 88: 10421-10425 and McNelUe et al 
(1998) Plant J. 14(2): 247-257) and tetracycline-inducible and tetracycline- 
repressible promoters (see, for example, Gatz et al (1991) Mol. Gen. Genet. 227: 
229-237, and US Patent Nos. 5,814,618 and 5,789,156, herein incorporated by 
reference. 

15 

Where enhanced expression in particular tissues is desired, tissue-specific promoters 
can be utilised. Tissue-specific promoters include those described by Yamamoto et 
al (1997) Plant J. 12(2): 255-265; Kawamata et al (1997) Plant Cell Physiol. 38(7): 
792-803; Hansen et al (1997) Mol. Gen. Genet. 254(3): 337-343; Russell et al. 

20 (1997) Transgenic Res. 6(2): 157-168; Rinehart et al (1996) Plant Physiol. 112(3): 
1331-1341; Van Camp et al (1996) Plant Physiol. 112(2): 525-535; Canevascni et al 
(1996) Plant Physiol. 112(2): 513-524; Yamamoto et al (1994) Plant CeU Physiol. 
35(5): 773-778; Lam (1994) Results Probl. Cell Differ. 20: 181-196; Orozco et al 
(1993) Plant Mol. Biol. 23(6): 1129-1138; Mutsuoka et al (1993) Proc. Natl. Acad. 

25 'Sci. USA 90(20): 9586-9590; and Guevara-Garcia et al (1993) Plant J. 4(3): 495-50. 

In a preferred embodiment of the invention said tissue specific promoter is a 
promoter which is active during the accumulation of oil in developing oil seeds, see 
Broun et al. (1998) Plant J. 13(2): 201-210. 

30 
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According to a further aspect of the invention there is provided a cell transfected or 
transformed with at least one nucleic acid molecule or vector according to the 
invention. 

Preferably said cell is transformed or transfected with at le^t two nucleic acid 
molecules according to the invention. Preferably still said cell is transformed with at 
least three nucleic acid molecules according to the invention, more preferably still, 
four nucleic acid molecules. 

In a further preferred embodiment of the invention said cell is transformed with 
nucleic acid molecules encoding elongase, desaturase, acyl-CoA synthetase and 
diacylglycerol acyltransferase activities to provide a cell in which at least part of a 3- 
n fatty acid biosynthetic pattiway is reconstituted. 

In a yet fijrfher preferred embodiment of the invention said nucleic acid molecules 
are those molecules disclosed herem. hi particular nucleic acid molecules which 
comprise the sequences as represented by Figures la, 2a, 3a, 3d, 4a, 6a, 7a, 7c and 8a 
and including a nucleic acid molecule which encodes a desaturase as represented by 
the amino acid sequence presented in Figure 5, Tsp FAD4. 

In a preferred embodiment of the invention said cell is selected from the group 
consisting of: mammalian cells (e.g Chinese Hamster Ovary cells); yeast cells (e.g. 
Saccharomyces spp, Pichia spp); algal cells (e.g Phaeodactylum tricomutum, 
Chlamydomoiias reinhardtii ); plant cells. 

In a preferred embodiment of the invention said cell is a plant cell. 

According to a further aspect of the invention there is provided a plant comprising a 
cell according to the invention. 

In a preferred anbodiment of the invention said plant is selected from: com {Zea 
mays), canola {Brassica napus, Brassica rapa ssp.), flax (Linum usitatissimum), 

12 
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pineapple (^„.^ /^^^<°°f"^ ).~co„„.(C«.„„„/^„,, 

pq^per. ' '^^^ ^^"eny, sunflower, tomato. 

Grain plants that provide seed^ nf;,^. 

»'gb™. ry., ete oil-.«, . . ^ ™* - '*«a4 barley, dc, 

B^.. .ai.. a^ ^i':::"':^ ^ 

P-. Be». Mud. guar ,0^, '^"^ 

™™..^>^.«.r cis^r ^"^^ 
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According to a yet further aspect of the invention there is provided a seed 
comprising a cell according to the invention. 

5 Jna iurther preferred embodiment of the invention said cell is a yeast cell, preferably 
of the genus Saccharomyces spp, preferably Brewer's yeast Saccharomyces 
cerevisiae. 

The genus Saccharomyces spp is used in both brewing of beer and wine making and 
10 also as an agent in baking, particularly bread. Yeast is a major constituent of 
vegetable extracts of which Maimite*™ is a typical example. Yeast is also used as an 
additive in animal feed. It will be apparmt that genetically engineered yeast strains 
can be provided which are adapted to synthesise n-3 fatty acids. These yeast strains 
can then be used in food stuf& and in wine and beer making to provide products 
15 which have enhanced n-3 fatty acid content and in particular DHA content. 

According to a fixrther aspect of the invention there is provided a foodstuff product 
comprising a yeast cell according to the invention. 

20 In a preferred embodiment of the invention said foodstuff product is selected from 
the group consisting of: wine; bear, bread, baking products (e.g. bread, cake); 
vegetable extracts. 

In a further preferred embodimrat of the invention said wine or beer in non- 
25 alcoholic. 

According to a further aspect of the invention there is provided a fermentation 
process comprising a yeast cell according to the invention. 

30 In a preferred embodiment of the invention said fermentation process comprises the 
steps of : 
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0 providing a vessel containing a yeast cell according to the invention and 
constituents required for fermentation and fatty acid biosynthesis; and 

u) providing conditions conducive to the fennentation of the liquid composition 
contained in said vessel. 

According to a yet further aspect of the invention there is provided an animal feed 
product comprising a cell according to the invention. 



to a preferred embodiment of the invention said cell is a plant cell 



or yeast cell. 



According to a further aspect of the invention there is provided a method of 
modulating the level of n-S fetty acid, in particular DHA. or variants thereof, 
plant cell comprising; 



m a 



i) providing a plant cell according to the invention; 
«) regenerating the plant cell into a plant; and 

monitoring n-3 fatty acid production by said plant. 



iii) 



According to a further aspect of the invention there is provided a method for the 
production and optionally the extraction of n-3 fetty acids, in particular DHA, 
comprising: 

i) providing a ceU according to the invention; 

ii) providing conditions conducive to the growth of said ceU; and 

iii) extracting n-3 fatty acids, or variants thereof, from said cell. 



According to a yet further aspect of the invention there is provided a method for the 
production and optionally the extraction of n-3 fatty acid, particularly DHA, 
30 comprising: 
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i) providing a plant cell according to the invention;. 

ii) regenerating said cell into a plant; and 

iii) extracting n-3 fatty acids, or variants thereof from said plant. 

5 According to a further aspect of the invention there is provided n-3 fatty acids, 
particularly DHA, or variants thereof, obtainable by the method(s) according to the 
invention. 

In a preferred embodiment of the invention said n-3 fatty acid, or variant thereof, is 
1 0 for use as a pharmaceutical. 

In a further preferred embodiment of the invention said n-3 fatty acid, or variant 
thereof, is for use in the manufacture of a medicament for use in the treatment of 
conditions which would benefit from administration of n-3 fatty acids, or variant 
15 thereof. 

In a preferred embodiment of the invention said condition is selected from the group 
consisting of: cardiac arrhythmia's; rheumatoid arthritis; Crohn's disease; 
schizophrenia; cancer; foetal alcohol syndrome; attention deficient hyperactivity 
20 disorder; cystic fibrosis; phenylketonuria; unipolar depression; aggressive hostility; 
adrenoleukodystophy; coronary heart disease, hypotension, type II diabetes, ocular 
diseases. 

According to a further aspect of the invention th^ is provided a non-hmnan 
25 transgenic animal comprising at least one nucleic acid molecule according to the 
invention. 

According to a yet further aspect of the invention there is provided a reaction vessel 
comprising at least one polypeptide according to the invention, fatty acid substrates 
30 and co-factors characterised in that said vessel is adapted for the conversion of said 
fatty acids substrates to n-3 fatty acids, in particular docosahexaenoic acid. 

16 
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^ a preferred eanbodimpn* «f • 

In a prefen-ed embodiment nf A • 
^ preferred embodiment of th^ • 

* apparatt to om skilled in the « «, . 

») ta'"'i»h..utffi,y^a^„^. « » that . polj^ ^ 

or ^,^r„f ^iirr^"'^''^'-*'^ 

»«.a*^r«„„4i.^a,^^ «^^*»=» algal cell cm.«„, 
>*»• B Will also be app^,«««.,i, ' ""7" ^ aci* 

Of a.lea«pa„„f3na,^„.3 1^7 '"^ ""^ 
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An embodiment of the invention will now be described by example only and with 
reference to the following figures: 

Table 1 represents fatty acid analysis of P, lutheri cells at two stages of growth. 

5 

Figure la represents the nucleic acid sequence of a nucleic acid molecule comprising 
a fatty acid elongase, PIELOI; Figure lb the amino acid sequence comprising 
PlELOl; 



10 Figure 2a represents the nucleic acid sequence of a nucleic acid molecule comprising 
a fatty acid elongase, PIEL02; Figure 2b the amino acid sequence comprising 
PIEL02. 

Figure 3a represents the nucleic acid sequence of a nucleic acid molecule comprising 
IS fatty acid desaturase, PIDESl; Figure 3b the amino acid sequence comprising 
PIDESl; Figure 3c represents the fall length amino acid sequence of PIDESl; Figure 
3d represents the fall length nucleic acid sequence of PIDESL 

Figure 4a represents the nucleic acid sequence of a nucleic acid molecule comprising 
20 fatty acid desaturase, PIDES2; Figure 4b the axsmo acid sequence comprising 
PIDES2; 

Figure 5 represents a sequ^ce comparison between the Piavlova lutheri proteins 
PIDESU PIDES2, and tiie Thraustochytrrium sp protein FAD4. 

25 

Figure 6a represents the nucleic acid sequence of a nucleic acid molecule comprising 
acyl-CoA synthetase, PlACSl; Figure 6b the amino acid sequence comprising 
PUCSl; 

30 . Figure 7a represents the nucleic acid sequence of a nucleic acid molecule comprising 
diacylglycerol acyltransferase, PIDGAT2-J; Figure 7b the amino acid sequence 

18 
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« ««<,i„g PmOAT2.I; Fig™ 7d fl„ MI ^ ^ 
PIDGAT2-1 polypqjtide; and 

8. «p.««. „„cl«c add sequence of a nucleic acid molecule comprising 
a fatty acid elongase, PlELOl- Fianre Rh th- o^- 
P/fflO; comprising 

MATERTAI AAin v|FTnonr7 

10 

Pov/ova men (CCAP 93 1/1) was obtained tora the Culture Collection of Algae 
and Protozoa (Dunstaf&age Marine Lab.. Oban, PA34 4AD. Scotland U K.) 
15 ' ' ^' 

Tio g^ medium uaed in aU experiments was enriched srtificid seawate m«Bnm 
(EASW). made up in 20 1 batehes a. descriW by Hamson e. al (1980) and 

" flS")- Tl« m«iium ™s toher modified by 
mcreaamg fte m«™mri«« concentrations of NaNOs «id N.^iO,.9H,0 to 1 mM. 

20 -^NaH,PO.,o200MM.Tl,esilica.ewaadissoI«ds.jara.elyindeionizeddis.med 
water and the pH adjua.«l to approximately 8.0 with 50% HQ beS» i, was «lded «> 
are medium. TU. medium was bu»,«i ,„ pH 8.0 by adding 20 mM N-[2- 
J.y*oxyethyl]p4„,a^e.N..[2.e,ban.sulfcnio add] (HEPES) and 20 mM NaOH 

^ fi^^ly P«P«=* m«ii»m «aa filt^ed ftrongh . 0^ pM Millipore™ OS 
membrane fite into a 20 1 sterile propylene reservoir. It was then diapatched by 0 5 1 
m 1 1 corneal glass flaaka and sterilized by antocUving (30 min. 120-C). batdi 
cultees were gro™ at I5»C wiflr 50 m- s- constan. iUnminadon, and aeration 
ptovidod by shaking the flasks at 150 ipm. 



30 ^^n-ta.'itl' was monitored by oom^^a,^.^,,^^^^^^^^ 

favlcva h«hert cdls are motUe, they wer, first incubated in sodium adde 20 mM to 
inunobilise before counting. 
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The nitrate concentration was determined periodically during the culture time by 
measuring the change of the medium absorbance at 220 nm, according to the method 
described by CoUos et al (1999). 

5 

Isolation of total and polv(A)'^ RNA from P, lutheri 

The algal culture was harvested by centrifugation at 4,500 rpm for 15 min. The cell 

10 pellet was suspended in 1 volmne of extraction buffer (25 mM Tris-HCl pH 8.0, 25 
mM EDTA pH 8.0, 75 mM NaCl, 1 % SDS v/v, 7.8 % p-mercaptoethanol v/v, in 
DEPC treated water), and one volume of 25:24:1 phenol:chloroform:isoamyl alcohol 
(v/v) was added. After 13,000 ipm centrifugation at 4 °C for 10 min, the aqueous 
phase was transferred to a new tube and 1 volume of 24:1 chloroform:isoamyl 

15 alcohol v/v added. After a second round of centriftigation, the upper phase was 
transfOTed to a fresh tube and LiCl added to a final concentration of 2 M. This 
solution was incubated for Ihr at -20 and then centrifuged at 13,000 rpm at 4 °C 
for 15 min. The resulting pellet was re-suspended in DEPC treated water and the 
RNA was precipitated by addition of 0.1 volume of 3 M sodium acetate, pH 5.5 and 

20 2.5 volumes of absolute ethanol followed by incubation for 20 min at 4 °C. This 
sample was ttien centrifiiged at 13,000 rpm at 4 °C for 15 min and tiie resulting pellet 
was washed with 70 % ethanol, dried and re-suspended in DEPC treated water. 
Quantity and quality of the extract were estimated by measuring optical density at 
260 and 280 nm (1 O.D.260 nm == 40 jig/ml RNA). An aliquot of flie extract was also 

25 visualised on a 1 % (w/v) agarose gel containing ethidium bronaide. 

For the cDNA library construction, poly(A)'^ RNA was prepared with the Poly(A) 
Quick® mRNA isolation kit (Stratagene) from cells harvested during the exponential 
phase. 

30 
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cDNA library constnirHnn md DBlni..rripf phagemid excirfnn 

Double-stranded, end-adapted cDNA synthesised using a cDNA synthesis kit 
(Stratagene) was passed through a Sepharose CL-2B gel filtration column 
(Stratagene) to remove adapters and small cDNA molecules. cDNA eluted from the 
column was phenol-extracted, ethanol-precipitated and ligated to aims of the Uni- 
ZAP XR Vector (Stratagene) before packaging into X phage using the Gigapack IH 
Gold Packaging Extract (Stratagene). A primary library of 3 X 10« plaque forming 
units (pfii) was obtained with the majority of the inserts examined ranging from 0.3 
to 1.5 kb. The library was subsequently amplified. 

After amphfication. the cDNA library was excised using the ExAssist™ Interference- 
Resistant Helper Phage (Stratag^ie). The excised phagemids were plated as 
individual bacterial colonies foUowing the manufacturer's instructions. The presence 
of insert was checked by PGR using universal primers and clones containing cDNA 
longer than 0.2 kb were selected for sequencing. 



Sequencing an d sequence analy tic 

Sequencing reactions were prepared with the ABI Prism Big Dye-Termmator cycle 
sequencing kit (PE Applied Biosystems), using the universal T3 primer, and these 
were run on an ABB700 (96-capillaries) sequencer (PE Applied Biosystems). The 
resulting Expressed Sequence Tags (ESTs) were processed such that all vector 
sequaices were removed and further examined using standard nucleotide sequence 
25 aligmnent algorithms in order to identify EST clones with overiapping sequences. 
These overlapping sequences were then assembled into contigs. These contigs were 
amiotated by comparison with the non-redundant peptide and nucleotide databases 
available firom the National Centre for Biotechnology Liformation (NCBI). The 
NCBI databases had been downloaded to a local SiUcon Qrq>hics Server which 
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allowed the annotation of thousands of ESTs to be performed as a batch job using the 
BLAST 2 sequence alignment algorithm (Altschul et al, 1997). 

The PlELOl PIEL02, PlDESl PIDES2, PlACSl and PIDGAT2-1 clones were 
5 identified on the basis of homology with other fatty acid elongase/desaturase/acyl- 
CoA synthase or diacylglycerol acyltransferase genes in the NCBI nucleotide and 
protein databases. 

Functional analysis of the PlELOl FIEL02. PlDESl. PIDES2. PlACSl and 
10 PlDGAT2''l ORFS by heterologons expression. 

Functional characterisation of the amino acid sequence encoded by PlELOl and 
PIEL02 will be performed under protocols previously described (Jaworski et aL, 
2001(or refer to as: US Patent No. 6,307,128);Qi et al, 2002). To this aim, several 
species of fatty acid substrates will be considered; saturated (16:0, 18:0, 20:0, 22:0), 
15 monounsaturated (16:1, 18:1, 20:1) and polyunsaturated (20:4n-6, 20:5n-3, 22:5n-3) 
(figure 4). 

Functional characterisation of liie amino acid sequence encoded by PlDESl and 
PlDES2 ynll be performed under protocols previously described (Qiu et al., 2001). 
20 To this aim, several species of fatty acid substrates will be considered: saturated 
(16:0, 18:0), monounsaturated (16:1, 18:1) and polyimsaturated (18:2n-6, 18:3n-3, 
18:3n-6, 18:4n-3; 20:2n-6, 20-3n-3; 20:3n-6, 20:4n-.3, 20:4n-6, 20:5n-3, 22:4n-6, 
22:5n-3 and 22:5n-6). 

25 Functional characterisation of the amino acid sequence encoded by PlACSl will be 
performed under protocols previously described (Kang et al, 1997). To this aim, 
several species of fatty acid substrates will be considered: saturated (8:0, 10:0, 12:0, 
16:0, 18:0, 20:0, 22:0), monounsaturated (14:1, 16:1, 18:1) and polyunsaturated 
(18:2n-6, 18:3n-3, 18:3n-6, 20:4n-6, 20:5n-3 and22:6n-3). 

30 
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Functional characterisation of the amino acid sequence encoded hy PIDGAT2-1 wUl 
be perfonned under protocols previously described (Laidizabal et al. 2001; Cases et 
al, 2001. Zou et al, 1999). To this aim, DGAT activity will be assayed by 
incorporation of [l-"q diacylglycerol into TAG in the presence of several species of 
fetty acyl CoA substrates that are representative of fatty acids that partition to TAG in 
P. lutheri. These include: 14:0. 16:0. 16:1, 18:0, 18:1, 18:2, 18:4.20:5 and 22:6. 

TAG extraction anrt fa fty adds annly e... 

The alga cells (2 ml of culture medium) were harvested during the e3q>erimental 
period by centrifugation at 13.000 ipm for 15 min. Fifty ^g of tripentadecanoin . 
(15:0-TAG) were added to the pellet as an inteanal standaid. The pellet was then 
suspended in 1 ml of 2:1 chlorofonn.-methanol (v/v) and frozen in liquid nitrogen. 
After 1 hour at 4»C. the cell debris was discarded by centrifugation aiid 0.3 ml of 
0.9% KCl added to the siq)ematant. After centrifugation. the bottom phase was 
transferred into a 2 ml Ependorf and the KCI rinsed with 0.5 ml of chlorefoim. The 
chloroform phases were pooled and dried. The FA extract was suspended in 0.2 ml 
of hexane, and this volume was divided in 2 fiactions of 0.1 ml. The first fraction 
was dried, and the lipid extract suspended in 0.2 ml of hexane. This represented the 
total lipid extract. The second fraction was used to isolate the TAGs by hydrophobic 
chromatography. Bond Elut (Varian) 1 ml solid phase extraction colmmis with 100 
mg Si packing were used to partition TAGs fix>m other lipids in algal extracts. TWs 
protocol was adapted from a method described by Yongmanitchai and Ward (1992). 
The eluate was dried and the TAG extract suspended in 0.2 ml of hexane. The 
products of these two extractions were analysed by GC as described previously by 
Larson and Graham (2001). 



The same methodology wiU be employed to extract lipids and fetty acids from yeast 
cells in order to perform the functional analysis of PlELOl PIEL02 and PIDES J 
30 following the feeding of different fatty acids as outlined above. 
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Fatty acid composition of P. lutheri cells 

5 • 

Table 1 : Fatty acid composition (molar %) of P. lutheri cells at two stages of growth. 

The important point to note from the data presented in table 1 is that P. lutheri does 
not produce 20:0, 22:0, 24:0, 20:1, 22:1 fatty acids but does produce 20:5n"3 and 
10 22:6n-3. The amino acid sequence derived from the PlELOl gene as shown in Figure 
2 has closest homology with plant elongases that are involved in the production of 
saturated and monounsaturated C20and C22 fatty acids. P. lutheri does not produce 
such fatty acids. Therefore we conclude that the PlELOl gene product is mvolved in 
the production of 22:5 and 22:6 fatty acids which are found in P. lutheri. 

15 

Cloning and characterization of the genes PlELOl . PIEL02. PIPES 1. PIPES Z 
PUCSl and PIPGAT2-1 

The first pass sequencing of 5,7 19 cDNA clones from a cDNA library prq)ared from 
20 P. lutheri resulted in fte identification of 34 cDNA clones from a single gene which 
gives a predicted amino acid sequence that has significant identity with fatty acid 
elongase genes from a variety of organisms (Figure 3). This abundance of copies of 
the elongase gene indicates that it is expressed at a significant level in P. lutheri cells 
that are producing DHA and provides further proof that the PlELOl gene encodes an 
25 elongase 3-ketoacyl-CoA synthase polypeptide that catalyses the condensation of 
malonyl-CoA with acyl-CoA in the conversion of eicosapentaenoic acid to (o- 
docosapentaenoic acid which in tum is converted to docosahexaenoic acid. 

The sequencing of 5,719 cDNA clones from the P. lutheri library also resulted in the 
30 identification of six cDNA clones from a single gene which gives a predicted amino 
acid sequence that has significant identity with fatty acid desaturase genes from a 
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v^^^of o^». (Pi^ ^ , ^ ^ ^^^^^ 

-.d se,««e to. ha. significan, id»«,y wi* ,a«y acid gen« ^ a 

vane,yoforga„i™(Pig™3^ 3b.3oa„d3d). TOsd^ata^e ge.cha.b««, 

designated /'/Z)£'^ 7. 

.denUicaUon„fU^eDNAc.on«a™,a«.^.geocwhid.^vc»ap,edic,ed 
^mo^idaequ^cettatha. aig^ea«id«i.y,ritt fimyaoid d.atoaaege„es 

designated PiDJa' 2. 

15 

Tie derived ^ , ^ ^ 

b««d^ m„«f .ypica. Of acid d«at„«. auoh aa U« M d«a««aa. geoc 

to ^a JVa.^,.,„„ ^. ^, ^ ^ 

J^HA and dooosapentaenoic acid (Qiu el al.. 2001) (Ke 5 ) 

20 

^e.«,„e„cing„f5.719 oDNAc,o:^4™,to/..,.*^Hta3^.^^^^^ 
.denuaca^on of .wclve cDNA olonea fr^.^^ ^ ^ . ^ 
a™- acK. ma. ^ aig.dfic». id«d.,™a, acy.-CoA ay„to.aac g^ca 

*-ava„e^,ofo.^(„g^^a^^, ™s acyl-CoA sy„to.a.c gene has 
25 been designated PWGS/. 

in»J»cingof5,7.<,oDNActo„.a*«to/..«.„-,ih^aiao.c^.cainto 
.denMcahoa of one cDNA clone *ch gives a predict amino acid se,«„ce ,i>a. 
has a^ca^ idenB.y witt diacyiglyccol acyl.ranaferaae 2 gcnea fion, «ve^ 

30 organs (Figure 7a and 7b). diacylgl^, acy,^a„afe»e 2 g«„ ^aa been 

designated PIDGAT2-L 
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The full length cDNA and protein sequence of PlELOl is disclosed in Figures 8a and 
8b respectively. 

5 
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Claims 



1 . An isolated nucleic acid molecule comprising a DNA sequence selected from 
5 the group consisting of: 

i) the DNA sequence as represented in Figures 2a, 3a, 3d, 4a, 6a, 7a, 7c, 
and 8a ; 

ii) DNA sequences which hybridise to the sequences identified in (i) 
10 above ; and 

iii) DNA sequences that are degenerate as a result of the genetic code to 
the DNA sequence defined in (i) and (ii) 

2. An isolated nucleic acid molecule according to Claim 1 which anneals under 
1 5 stringent hybridisation conditions. 

3. An isolated nucleic acid molecule according to Qaim 1 or 2 which is isolated 
from an algal species. 

20 4. An isolated nucleic acid molecule according to Claun 3 wherein said algal 
species is selected &om the group consisting of: Amphidinium carterae, Amphiphora 
hyalina, Amphiphora sp., Chaetoceros gracilis, Coscinodiscus sp., Cryptliecodinitm 
coohnii, Cryptomonas sp., Cylindrotheca fiisifomiis, Haslea ostrearia^ Isochrysis 
galbana, Nannochloropsis oculata, Navicula sp., Nitzschia closterium, Pavlova 

25 lutheriy Pliaeodactylum tricomutum, Prorocentrum minimum, Rhizosolenia setigera, 
Skeletonema costatum, Skeletonema sp., Tetraselmis tetrathele^ Thalassiosira 
nitzschioides, Thalassiosira heterophorma, Thalassiosira pseudonana, Thalassiosira 
stellaris 

30 5. A polypeptide encoded by a nucleic acid molecule according to any of 
Clainfis 1-4. 
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6. A polypeptide according to Claim 5 which is a variant polypeptide and 
comprises the amino acid sequence represented in Figure 2b, 3b, 3c, 4b, 6b, 7b, 7d, 

5 or 8b which sequence has been modified by deletion, addition or substitution of at 
least one amino acid residue wherein said modification enhances the enzyme activity 
of said polypeptide. 

7. A polypeptide according to Claim 5 wherein said polypeptide comprises the 
1 0 amino acid sequence represented in Figure 2b, 3b, 3c, 4b, 6b, 7b, 7d or 8b. 

8. A polypeptide according to any of Claims 7 wherein said polypeptide 
consists of the amino acid sequence represented m Figure 2b, 3b, 3c, 4b, 6b, 7b, 7d 
or 8b. 



15 



9. A vector including at least one nucleic acid molecule according to any of 
Qaims 1-4. 



1 0. A vector according to Claim 9 wherein said nucleic acid is operably linked to 
20 a promoter. 

11. A vector according to Claim 10 vMch promoter is an inducible promoter or a 
developmentally regulated promoter. 

25 12. A cell transfected or transformed wifli at least one raicleic acid molecule 

according to any of Claims 1-4 or at least one vector according to any of Claims 9- 
10. 
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13 A cell according to Claim 12 wherein said cell is transfected or transformed 
with nucleic acid molecules encoding elongase, desaturase, acyl-CoA synthetase and 
diacylglycerol acyltransferase activities to provide a cell in which at least part of a 3- 
S n fatty acid biosynthetic pathway is reconstituted. 

14. A cell according to Claim 13 wherein said cell is transfected or transformed 
with nucleic acid molecules according to any of Claims 1-4. 

10 15 A cell according to Claim 1 4 wherein said cell is transfected or transformed 

with nucleic acid molecules which comprise the sequences as represented by Figures 
la, 2a, 3a, 3d, 4a, 6a , 7a, 7c or 8a. 

16. A cell according to any of Claims 12-15 which cell is selected from the group 
IS consisting of: mammalian cell (e.g Chinese Hamster Ovary cells); yeast cell (e.g. 

Saccharomyces spp, Pichia spp); algal cell (e.g Phaeodactylum tricomutum, 
Chlantydomonas reinhardtii)\ plant cell. 

17. A cell according to Claim 16 which cell is a plant cell. 

20 

18 A plant comprising a cell according to Claim 17. 

19 A plant according to Claim 18 wherein said plant is selected from the 
groupconsisting of: com (Zea mays), canola (Brassica )tapus, Brassica rapa 

25 ssp.),flax (Linum usitatissimurn), alfalfa (Medicago sativd), rice (Oryza sativd), rye 
(Secale cerale% sorgihimi (Sorghum bicolor. Sorghum vulgare\ sunflower 
(Helianthus annus), wheat (Tritium aestivum), soybean (Glycine max), tobacco 
(Nicotiana tabacum), potato (Solanum tuberosum), peanuts (Arachis hypogaea), 
cotton (Gossypium hirsutum), sweet potato (lopmoea batatus), cassava (Manihot 

30 esculenta), coffee (Cofea spp.), coconut (Cocos nucifei-a), pineapple (Anana 
comosus), citris tree (Citrus spp.) cocoa (Theobroma cacao), tea (Camellia senensis), 

32 



BNSOOCID: <WO__03078639A2J_> 



wo 03/078639 



PCT/GB03/01099 



banana {Musa spp.), avacado {Persea amehcana), fig (Ficus casica), guava {Psidium 
gmjava), mango {Mangifer indica), olive {Olea ewopaea), p^aya (Carica papaya), 
cashew (Anacardium occidentale), macadamia {Macadamia intergfifolia), almond 
(Pmnus amygdalus), m&a beets {Beta mlgaris), oats, barley, vegetables and 
S ornamentals. 

20. A seed comprising a cell according to Claim 1 7 . 

21 A cell according to Claun 16 wherein said cell is a yeast ceU of the genus 
1 0 Sacdiaromyces spp. 



cerevisiae. 



22 A ceU according to Claim 21 wherein said yeast is Saccharomyces 

23. A foodstuff product comprising a yeast cell according to Claim 21 or 22. 

15 

24. A product according to Claim 23 wherem said product is selected from the 
group consisting of: wine; beer; baking products (e.g. bread, cake); dairy products; 
vegetable extracts. 

20 25. A product according to Claim 24 wherem said wine or beer is non-alcohoUc. 

26. A femientation process comprising a cell according to any of Claims 16 or 17 
or Claim 21 or 22. 

25 27. A fermentation process according to Claim 26 wherein said process 
conqprises the steps of: 

i) providmg a vessel containing a ceU according to any of Claims 16 or 17 or 
Claim 21 or 22 and constituents required for femientation and fatty acid 
biosynthesis; and 

30 ii) providing conditions conducive to the femientation of the Uquid conq)osition 
contained in said vessel. 
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28. An animal feed product comprising a cell according to any of Claims 12-17 
or Claim 21 or 22. 



5 29. A method of modulating the level of fatty acids, or variants thereof, in a plant 
cell comprising; 

i) providing a plant cell according to Claim 17; 

ii) regenerating the plant cell into a plant; and 

iii) monitoring fatty acid production by said plant. 

10 

30. A method for the production and optionally the extraction of fatty acids 
comprising: 

i) providing a cell according to any of Claims or Claim 21 or 22; 

ii) providing conditions conducive to the growth of said cell; and 
1 5 iii) extracting fatty acids or variants thereof, from said cell. 

31. A method for the production and optionally the extraction of fatty acids 
comprising: 

20 i) providing a plant cell according any of Claims 17; 

ii) regenerating said cell into a plant; and 

iii) extracting fatty acids, or variants thereof from said plant. 



25 32. A non-hmnan transgenic animal comprising at least one nucleic acid 
molecule according to any of Claims 1-4. 

33. A reaction vessel comprising at least one polypeptide according to any of 
Claims 5-8, and fatty acid substrates characterised in that said vessel is adapted for 
30 the conversion of fatty acids substrates contained therein. 
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34. A reaction vessel according to Claim 33 wherein said polypeptide is expressed 
by a cell according to any of Claims 12-17 or 21 or 22. 

35. A reaction vessel according to Claim 33 or 34 wherein said vessel is a 
5 bioreactor. 

10 
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Figure la 

CACGAGGCCTCGTGCCOAATTCQOCACQAGaGCTGCGCGACQACAAGQAC 

QACGGCAGCCTGAQTGCOACGAGCGATTTCTTCCGCTCaACGATCACGGA 

TTGCGQCAATTTTTGaSACOAGTOTGTCaACrTCCAC^ 

AGCGCAACCAGATCTCCGAGCGCTGCTACTTCCCACCTGGCATCCQCGCC 

TACCGCAAGGGCGAQCGCGACirrGACTTTTCGATQaCCGCCGCGCGCAA 

GGAGTTCGAGACTGTCGTCTTCACGACCGTCGACGAGCTGCTCGCCAAGA 

CGGGCGTAAAGCCQCGAGATATCGACATCCTCGTCGTCAACTGCTCGCTC 

TTCyVACCaSACGCCATCQCTGGCTGCQATCGTQATCaUlCCACTACCaiG^^ 

GAAGGACTCCGTACAGAGCTACTaVCTTGQCaGGATOQQTTQCTCAGCM 

GACTCATCTCAATCCACCTCOCAAAGQACCTGCTGCAGGTCTACCCGCGC 

AAGCGCGCGCTCGTOVTCTCGACGGAGAACATCACGCAAAATTTTTACCA 

GGGCAACGAAAAGTCGATGCrCATCTCGAACACGCTCTTCCGAATGGGCG 

GCGCCGCCGTCCTCCfTCTCCaGCCGCCACGCCGACCGGCGCGTCGCCAAG 

TATC^CTOCTGCACACCGTCCGCAOGCACAAGGGCGCGGACCCGGACGC 

GTACCGGTGCGTCTTCCAGGAGGAGGACAAGGCGGGGCACGTGGGCQTGC 

GCCTGTCGAAAGACGTGATGGAGTGCGCCGGCGCCGCGATGAAGACCAAC 

ATCTCCGTCCTCGCGCCTCTGATTCTGCCCGTTTCTGAGCAGGTCCGATT 

TCTCGCAAACTACGTTGCGCGCAAGTGGCTGCGAATGAAAGGCGTGAAGG 

GATACGTQCCGGACTTCACAACGGCCGTGCaiGCACTTTTGCATCCACACG 

GGCGGGCGCGCGGTGCTCGACGCGCTGCAGGCGAACTTGTCGCTCTCAGA 

TTACTACCTCGAGCCGAGCCGTTACTCCCTGTGGCGCTGGGGTAACGTCT 

CAAGCGCCTCAGTCTGGTACGAGCTCGACTGGCTCGAAAAGTCCGGCCGC 

ATCCGGCGGGGCGACAAGGTGTGGO^GATTGGGTTTGGCAGCGGCTTCAA 

GTGCAACTCGGCCGTCTGGCGGGCGTGCCGAGCGATGCCCTAGCTACGCC 

GGCGCCGTCCGCaVTTGCCAGTGGTTCGTGACAGACAGTCACACTGACGA^ 

TGCGGAGTGACGTCTGACGCCTTCCCCCCCCCGCCCACCACCTCCACCTC 

CACCrCCTTCACTCTCACrrCAATCGCGCGGCGGCCAGAGCAGGAGCGCGC 

TCGTGCTCGCCATCACCGCCrrGTAGTCCTCGCGCCGCrCGAGCGAGCGC 

GCGTCCATGAGCGGCACGGACGCGAAGCX3GAAGAAGAGCCACATCACAGC 

AGAAAAAAAAAAAAAAAAAT^TCGAGACTAGTTCTCTCTACCGCGCTGC 

CGAGerCAAGCACGGCCGCGTGTCCATGCTCGCaSTCACCGGa^^^ 

TCCAGGAGGTGTACTCGTGGCCGGCACCCGACGGCGTCTTCAAGGCGCCG 

ACGCCGCTCGGCGCGCTCTCGACCGTGCCGGCGCTCGGCCTCATCCAGCT 

CATCGTCTTCCTCGGCATCATCGAGGTGCGCTCGGCGAACTACCAGGGCG 

GCGTGCCCGGCX3ACCTTGGCITTGACCCGCTCGG 



Figure lb 
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AAGATCaGCaTQCACATGOTOaAr?I^™f°"^°^^ACCGCGAQ 

tggctgatgtacctcagctSS^^ 




AGATGGTCAAQCC ^^"'^^^^^^^^TOTaCOT^ 
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Figure 2b 
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Figure 3a 

aiCGAGGCGAATGTGOGCGQCTACTGGCTTGGCGTGCTCAATOGAGGGCT 

CAACTTCCAGATCGAGCy^CCATCTTTTCCCGCXKBCTGCACCATTCGTACr 

ACGCGCAGATTGCCCCAQTGGTGCGCACGCACATCGAGAAGCTCGGCTTC 

AAGTAOlGGCTlCTTCCCCACGGTGGGCTCCyUVCTTGTCaTCCaiTGCTGCA 

GCACATGGGCAAGATGGGCACrcGCCCAGGAGCrGAGAAGGGCGG(^ 

CCGAQTOAGCTGCCGCCCTACCCTGCCTCTGCGGCTAGCCAGCAACCGGG 

TGCCAQCGAGCCCCTCTTCCATCCQAGCCCTTTTCTCCTTCACCCTGCCA 

TGTGTCAGCGGCACTGACTGAACTGACGTCGCCGTGCCGCTGGCGCTCTC 

CGTCGCCAGCCACTGAGAGGCTGCAATGCCGCCCGACGCCGCTCACGCGG 

CTTTGGTCTTAAAAAAAAAAAAAAAAAAAA 



Figure 3b 

HEANVGGYWIjGVIiNGGLNFQIEHHLFPRLHHSYYAQIAPV 
VRTHIEKLGFKYRHFPTVGSNLSSMLQHMGKMGTRPGAEK 
G G K A E 
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Figure 3c 

MPPSAASBGG VABIiRAABVA SYTRKAVDER 
GGRDATBAPM EYHRRTWPKA RMSKFFVGSL 
PAPPSYWLKA AALWAAVSI EOYMLLRGKT 
SVINYCLGYA QDWIGQNMVL WLQBHWMHH 
AIiOQIiYILPG EAMYAPKLLP LDALELLAWR 
LPLWIiQPTVH TALCICATVC TOSFYLAPFF 
TSSNVQGYWIj GVLNGQLNFQ IBHHLPPRLH 
NIiSSMLQHMG KMQTRPGAEK GGKAE 



PDLTIVGDAV YDAKAFRDBH PVGAHFVSLF 
DASBKPTQAD SAYUUiCAEV NALLPXGSGG 
IiLLSVFLGLV FAWIGLNIQH DANHQAZiSRH 
LHTNDVDADP DQKAHGVZiRL KPTDGWMPNH 
WBGBKISPLA RALPAPAVAC KLGPWARFVA 
PISHNPDGVG SVQPKGSLPR 8ATPVQRQVE 
HSYYAQIAPV VRTHIEKLGF KYRHFPTVGS 
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Figure 3d 

AOQCGGTCrrCACGCGaSTCTTCCAQCaCGAGCCOCTGCTCCOCCaCGAAQTC^^ 

QTGGCGOAGCroCXJCOCGQCGQAaOTCGCCrCGTACACOCGCAAQaCGCn^ 

CTACQACaCCAAGOCCrrTCCaTaACOAOCACCXXSGTCQacaCCXaiCTT^ 

TQGAOTACCACCGOCGGACGTGQCCCAAOGCQCOQATGAGCAAGTTCTTCXITOOGCT 

GACAGTGCCTACCTCCGGCTGTGCGCGOAGGTGAACGCCTTOCTOCCAAAGGGGAQC^ 

OOCGGOGGCGCri^TGGTGGCCGCCaTGTCGATTGAGGaaTATATGCTGCTGCGCGGCAA^ 

TOGTCTTTGCGTGGATCGGTCTCAACATCCAGCACGACXSCGA^ 

TACXKZGCAGGACTGGATCQQCGGCAACATGGTGCTCTGGCTGaiGQAGCACOT^ 

CQACCCGGACCAGAAGGCGCACGGCGTGCTQCGQCTCAAGCCAACXSOAaWCr^ 

TGCCCOGCX5AGGCX3ATGTACGCGTTTAAGCrroCTCTTCCTCGAC^ 

CCCCTCGCXSCGCGCCerGTTTGCACCAGCGGTGGCGTGCAAGCl^ 

QAOSQTQCAaiCGQCGCTGTGCAT(nX3a3CX3ACGGTGTGCA 

AGGGCGTGGGTAGTGTGGGCarCAAGQQCAGCTTGCCXSGGCn^^ 

GGCTACTOG(nTOGCX3TGCTCAATGGAGGGCTCAACr^^ 

TGCAGCACATGGGCAAGATGGGCACTCXSCCa^GGAGCItSAGAAGGGO^^ 
TAGCCAGCAACCGGQTG(XJ\GCGAGCCX!CTCITCCATCCGAG 
GAOSTCGCCGTGCCGClGGCGCrCTCCGTCGCCAGCC^ 
AAAAAAAAAAAAAAAAA 
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Figure 4a 



GCACQAQGGTGCTGCTACCTGCTGTACQTCTCCCTCGQCTCGATGTACAT 

CTTOTGCAACTTTGCCGTGTCGCACACGCACCTQCCCATCGTTGAGGCCO 

ACCAGCACGCGACCTGGaTTOAGTACTCQQCCAACaVCACaACCAAC^^ 

GCGCCCTCGTQGTGGTGCGACTGaTOGATQTCTTACCTCAACTACCAGAT 

COAGaiTCATCTGTTCCCGTCCATaCCGCy^TTCCOCCACCCGACG^^^ 

CGCCGCGCGTCAAGGCGCrCTTOgAGAAGCACGGGCrrGCACrrATGACGTG 

CGCGGCTACTTTGAGGCGATGGCCGACACQTTCATGAACCTTGAa^GGT 

CGGCAACGCGCACGAGCACAACGATTAGGCCaTAGCCaCTTGOAAAQAGG 

CCTCCTGCATACGCGGCGACGCGTCGGCGCGCQOCGGCGTGCACGGGAGC 

ACaUUlGTOATGGATGGACCTTGGQCGACGCCGACQQCCAAGGAGTGGTTG 

TCTCTGTCGTCGCCAGGGCCCAGGAGCCCAGGGGCAGGGTTGCAGAGCTT 

GGGCGCGATTGGAGGCAGGGCCGGGCGCGTCGGCGTTCGCGAGTCTQGCG 

AGGCGCTCTGCGAGCTCTGCACGACTGCGCCCAGAGGCGTOCXSCGCQCGC 

QCGAGTTCCAAAAAAAAAAAAAATVAAAAAAAA 



Figure 4b 
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Figure 5 



TflpPAD4 MTV0YDBBIPFBQVRAHNICPDDAW«IHaHVyDVTKPASVHPGQDIIUJ«3TO 

PlDBSl 

piDBsa — - : IIIIIII 

T8PFAD4 YHVROVSDAVIJlKyRIGKLPDCWOANBKBKRTLSaiiSSASYYTWNSDra 

PlDBSl 

P1DB82 -/-llll'.l," 

TspFAD4 liKERGKARRGGYBLWIKAPLLLVGPWSSLYimcrriiDPSFGWILAAI^LGVFAAFV^^ 

PlDBSl 

P1DBS2 IIIIIIII 

TspFAD4 HDGNHGAFAQSRWVNKVAGWLDMIOASGrrrWBPQHVIiGHHPYTNLIEEENGLQK^^ 

PlDBSl --- _ _ 

P1DBS2 

TspPAD4 MDTKIiADQESDPDVFSTYP^!MR^«PlraQKRWYHRPQHIYaPPIPGFIWI!«C^^ 

PlDBSl r 

P1DBS2 - _ 

T8PFAD4 LWCRLFQIDAEOiyASPMYVARFirai^CMOTLYMVALPCyi^ 

PlDESl . 

P1DBS2 

TspPAD4 VlAlMPIVNHIIBGVSYASKnAVKGThlAPPKTMHGVTPMNNTRKB^ 

PlDESl 

^lOSS2 AlK3CCYliLWSIiOSMyiPCNFAVSHTHI.PIV 

TBpPAD4 PIiDDGWAWQCQTSVNWSVG-SWFimHPSGGLHHOIBHimPPGLSHETY^ 

PlDBSl -HBANVG-GYWLOVUraGLMFQIBHHLFPRIiHHSYYAQIAPVVRTHl 

P1DES2 EADQHATWVEySANRTTNCAPSWWGDWWMSYLNyQZEHHIOTSMPQFIWPTIAPR^^ 

TspPAD4 ABYGVPYQHBPSIWTAYWKMIiBHLRQLGNEETHBSWQRAA 

PlDESl EKLGFKYRHFPTVGSNLSSMLQHMGKMGTRPGABKGGKAE 

P1DES2 BKHGIiHYDVR-GYFEAMADTPMNXiDKVGNAHBHNH 
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Figure 6a 

GCyVCGAQGCCTCTTCGGCTOGGCGCTCGACGACGCGCTCGCCAAGTATGA 

CAAGGQCQGCGTCQGCCCCQGCTTCCTGTACAACGCGQTCGTCTTCTCOT 

CGGTGCAGGCGCTGCTCGGCGGTCGCGTGCGCATOATGGTCGCCGGCTCC 

GCQCCCCTCTCCGCCGACGTGCAGAAGTTTGTGCAATCGTQCTTCAACGC 

GCCQCTTCGCCAAGGCTACGQCCTCACCGAGACGTQCGCGGCGACGACGC 

TCTGCGCGCTGCACGACyUVCACGCCGTCGCAAGTTGGGCCGCCGCAGaAG 

TCGGCQTGCATCACGCTGCGCQACTGaGAGGAGGGCAACTACCQCAACCG 

CGACGCCAACGACCCGGCCATCGGGATGCGGOSCGGCmQATCCra 

GTGGGCCCGCCGTCTGCXrrCGGCTACTACGTGAACGAGCGCGCGCCCGAC 

GCGGACGTGGTGAAGCGCAACGCGGAQQACTTTGTGACGATCAACQGCAT 

GCGCTTCTTCTGCTCGGGCGACATCGOCCAGATCACGCCGAGCGGCTGCG 

TGCAQATTATCGACCGGAAGAAQGACCTCQTCAAGCTGCAGCAGGGCGAG 

TACGTCGCGCTCTCCAAGGTGGAGAAOSCGCTCyU^GAACTaSTCGTACAC 

GOlGATCCCGTACGTCTACQCGCrCTCy^TCCAACW^GCTACTGCA^ 

TCCTCTGCCCGCAGCACGCGGC6ATCCGCCAGCTCGCCGCCTCGCTGCAG 

ATOVGCGGCAAGGAGCTTTCCGAGCTGTGCGCGCACCCGCAGATCGTCGC 

GGCCGTGCTCAAGQACCTGCAGGCQCAGTGCAAGGCGGCCAAGCTCGCGG 

GCTTCGAGACGCCGAGCAAGCTCATCCTCGTGTCGQACGAGTGGACCGTT 

GAGAATGACATGCTCACCACGACGATGAAGATGAAGCGOUlGCCAATaS^ 

TGACCGGCACGCaAGCGAQATCAAGGCCGTTTACGTCTGAGCCaSOTCCT 

TTTTGTACAACCTCGAGAGCGCCACTaTCTTGATGQCGCGCGCGTGCTGT 

TGTGCAGGCCQTCGGCATTOACCGCGGCGCnTGAACGCAAGGaVGGCGCA 

AGGCGCGGGAGGGATTGCTGGGGATGGCGGCTGCCGCAGTTGCTGAGCAG 

AAGGCAGTCTCCGGCTCTCGACyVGGTaGCGCCCGTTGTGCAGAATGTTCG 

aVGCCCCTCCCCCCrCGGGCGGCTGCCATTCGGGGCAGCGCTaSC^ 

TGCTGCGCTCCGCAGCCGCACGCaiCGGCCACaU^CGCGTGTGCCTO 

TCACGCGCCGCGCCCGTGGGAAa3ACCGTTGCCCTCGCAC 



Figure 6b 
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Figure 7a 

GCACGAGGQCTCQACCTACTGCCCGCGCTGCGCGGCAAGATGCaCTGGCT 

CGCGGCGAGCGTGCrCTTTCGGCTTCCCATCGTGCGCGAGCTCACCCTTT 

QGACCGQCTQCATCGACGCQCGCCQCTCGGTTGCCGAGAGTGCGCTGCGT 

GGCX3GCTACTCyVGTCGGCGTACTQCCCGQCX3GCaAGCAGGAaCAGCTGOT 

CACGCGCTACGGGCGCGAGTCGGTATATTTGCGCAAGCGCTTTGGCTTCG 

TCAAGCTTGCGCTCCGCTTCGGCGTGCCGCTCGTGCCTGGGTACGTGTTC 

GGGTGCGTCGACCTGTACCACACTTCTVTCCCTGCrCTTCTCGGCGCGCGA 

GTGGCTCGTGCGCTCTCTCGQCGTGTGCGTGCCCGTGTGCTTCGGAGCGT 

GGGGCGTGCCO^TGGCGCCGCTTGCTGTGCCGCTCAACGTCGTGATCGG 

CGGCCGATCAAGCTQCCGCGCAACCCTGAGCCGACCGATGAGGACGTCGC 

GCGCGCGCTCGACCAGTACATCGCCGCGCIGCGCGCGCTCTTTGACGAGA 

ACAAQGCGCGCTTTGGCTATGCCGACCGCGAGCTGGAQGTGTGCTQATTG 

TGAAGAAGTGTCATTGAAGGTCGGCGTCAGCAGGCGCACCGCGCACCAAG 

CCACTaVCGTCITGATCGCTGAACCX3CCGTGAACX3AT6COT 

GCTTGAAGAT6GCCAGAAAAAAAAAAAAAAAA 



Figure 7b 
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Figure 7c 

QTTCACGlTCATOCQCAGGaTCTAnM«?S™f?°'^"^^CCGGCa 

CGAGGAGCAGATCATCCrSJSSJSGrf^Sf'^^'^^^^^ 
CCTCmCGQCCAGCTGCTCaAcSSJJ?^™^'^'^^^''^ 

COACGCGCGCCGCTCGGTlSSSSSS^S«^*'™°°^^^<3°CTOCA^ 

QCCCGGCGGCGAGCAGGAGcScTO?^S2^J^°^^^''"'^^°^GG^^^^ 

CAAGCGCTTTOGCTTCGTraSrS^S^^ 

CCTGrTaaGGTOCQTCGASrSSSnJ^^'^''^^^^^ 

(MCOCCraCTTGCTOTGCCGCTCAASTrnT^^Z^^^^*^^ 

CCCTGAOCCGACCGAMASc^SSSJSS^f^''^^^ 

CGCGCTCrrrGACGAGAACAAScSGS?SSSSSpn^'^^^^ 

ctgattgtqaagaagtotcattcaaggSSSSS^^^''^^^''^'^ 

CTCACGTCTTGATCGCW3AACCX3Cna^ar^^^I?^^^^^ 
CAQAAAAAAAAAAAAAaS^ ^^'^'^^^^'^CGACACQC^ 
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Table 1 : Fatty acid composition (molar %) of P. lutheri cells at different stages of the 
growth cycle. Each value rqjresents the mean ± SD of two replicate from one flask. 

Fatty acids Exponential phase Stationary phase 





189 h" 


285 h 


353 h 


452 h 


Jn total extract 










14:0: 


12.19 ±2.08 




1 1 AT X A 1 O 

ll.U/ ± 0.12 


11.08 ±0.03 


16:0 


26.05 ± 2.93 


21.62 ±0.61 


16.40 ±0.20 


25.26 ±0.17 


16: In-? 


21.92 ±3.60 


23.78 ±1.34 


20.28 ± 0.29 


27.56 ±0.37 


18:0 


8.27 ±0.90 


3.48 ±0.35 


2.93 ±0.13 


1.39 ±0.24 


18:ln-9 




0.93 ± 0.08 


8.22 ±0.12 


2.32 ±0.07 


18:2n-6 


ND 


2.43 ± 0.15 


2.33 ±0.02 


3.66 ±0.03 


18:3ii-3 


ND 


ND 


ND 


0.38 ±0.01 


18:4n-3 


ND 


4.72 ±0.20 


5.81 ±0.11 


4.39 ±0.03 


20:3n-3 


ND 


ND 


ND 


0.27 ±0.01 


20:5n.3 


13.94 ±1.48 


14.44 ±0.73 


15.21 ±0.39 


14.87 ±0.23 


22:6n-3 


8.62 ±1.74 


7.90 ±0.43 


7.35 ±0.15 


5.89 ±0.03 


In TAG extract 










14:0 


11.93 ±0.08 


6S6±0M 


6.83 ±0.03 


7.63 ±0.18 


16:0 


43.04 ±1.59 


22.94 ±0.76 


20.16 ±0.70 


29.74 ±0.95 


16:ln-7 


37.70 ±2.23 


33.52 ±5.12 


39.39 ±3.10 


37.40 ±1.42 


18:0 


ND 


1.52±2.15 


0.62 ±0.87 


0.91 ± 0.53 


18:ln-9 


ND 


2.66 ±2.28 


0.60±0;85 


3.40 ±0,10 


18:2n-6 


ND 


7.93 ±4.31 


3.33 ±1.66 


6.15 ±031 


18:4n-3 


ND 


ND 


ND 


0.92 ±0.16 


20:5n-3 


7.33 ± 0.73 


6.02 ±1.07 


5.31 ±0.16 


8.50 ±0.42 


22:6ii-3 


ND 


3.69 ±0.91 


3.31 ±0.64 


1.97 ±0.07 



m). Not detected. 
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Figure 8a 

GGCACGAGQQGGAGATGQCGGCGCCGACATCQCCQTACGQCGCGGAATCGCCGCGCQCGQCGTACGCQTAC 

CCXBaAGCGTGCAAATGTCAAQATGTCCaAGGCGCTQCQCGTAerCGACQAGGGCGTGCACCCGCTCa^ 

TCACAGCTCGCAGATCCTCGCCGCCGCGCTGCTCGTCACGGCCGCCGTCAACCACTTTCCCAAGAT^^ 

TCGCGGACCTCGCCGAGATCTGaCGCTCGCTGCAQATCGACGTGGCGTACGCGTTCGCGCTGACTGCGGTG 

GCCGTGCnxaCTTCTCQGCTACTACGCTCrrCCGCCACCCQCGCCC^ 

GCAGCTGCGCGACGACAAGGACGACGGCAGCCTGAGTGCGACGAGCQATTTCTTCCGCTCGACGATCAOT 

ATTGCOGCAATTTTTGCGACGAGTCGGTCGACTTCCyiGATGAAGCTTTTTGAGCGC^ 

CGCTGCTA(m'CCC7lCCTGGCATCCGCGCCTACCGCAAGQGCGAGCGCGACTTTGACTTT^ 

CGCQCGCAAGGAGTTCGAGACTGTCGTCTTCACGACCGTCGACGAGCTGCTCGCCAAGACGGGCQTAAAGC 

CGOSAGATATCGACATCCTCOTCGTCAACTGCTCQCTCTTa^CCCGACGCCATCGe^ 

ATCy^CCaVCTACCAGATGAAGGACTCCGTACAGAGCTACTCACTTGGCGGGATGGGTTGCTCAGC^ 

CATCTCy^TCCACCTCGCAAAGGACCTGCTGCAGGTCTACCCGCGCAAGCGCGCGCT^ 

AGTUVCATCACGCAAAATTTTTACCAGGGCAACGAAAAGTCGATGCTCATCTC^ 

GGCGGCGCCGCCGTCCTCCTCTCCGGCCGCCACGCCGACCGGCGCGTCGCCAAGTATCAACTGCTGCACAC 
CGTCaSCy^CGCACmAGGGCGCGGACCCXSGACGCGTACCGGTGCGTCITCC^^ 
ACGTGGGCGTGCGCCTGTOSAAAGACGTGATGGAGTGCGCaSGOT 
CTasaSCCTCTGATTCTGCCCOTTTCTGAGt^GGTCCX^^ 

GCGAATGAAAQGCGTGAAGGGATACGTGCCGGACTTCACAACGGCCGTGCAGCACTTT^ 

GCGGGCGCGCGGTGCTCGACGCGCTGCAGGCGAACTTGTCGCTCTCAGATTACTACCTCGAGCCGAGCCGT 

TACTCCCTGTGGCGCTGGGGTAACaTCTCAAGCGCCTCAGTCTQGTACGAGCTCmCT 

CGGCOSCATCCGGCGGGGCGACAAGGTGTGGCAGATTGGGTTTQG^ 

TCTGGOSGGCGTGCCGAGCGAtGCCCTAGCTACGCCGGCXSCaSTCCGaVTTC 

AGT(:y^Ca.CTGACGAGTGCGGAGTGACGTCTGACGCCrTCCCCCCCCCGCCCACCACCTCCACCTCCACCTC 

CTTCACrCTCy^CrCAATCGCGCGGCGGCCAGAGCAGGAGCGCGCTCGTGCTCGCC^ 

CCTCGCGCCGCTCGAGCGAGCGCGCGTCCATGAGCGGCACGGACGCGAAGOSGAAGAAGAGCava^TC^ 

GCAGAAAAAAAAT^AAAAAAAAAACTCGAGACTAGTTCTCTCTACCGCGCTGCCGAGCTC^ 

GTGTGCATGCTOTCCGTCACCGGCATGCTTOTCCAGGAGGTGTACTO 

CAAGGCGCCGACGCCGCTCGGCGCGCTCTCGACCGTGCCGGCGCTCGGCCTCATCCAGCTCATTO 

TOSGCATCyVTCGAGGTGCGCTCGGCGAACTACCAGGGCCGCGTGCCCGGCGACCTTGGC^^ 

GG 



3NSD0CID: <WO__03078639A^L> 



13/14 



wo 03/078639 



PCT/GB03/01099 



Figure 8b 
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